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Crack  propagation  studies  were  conducted  on  a  variety  of  structural  aluminum 
alloys  under  high  stress-intensity  amplitude  cyclic  load  (A  K  >  10  ksijHn.l.  The 
alloys  under  investigation  included  2219-T87,  5456-H321,  6061-T651,  7005-T63, 
7039-T6X31,  and  7106-T63,  The  yield  strengths  of  these  alloys  ranged  from  3-4  to 
55  ksi.  Tests  were  conducted  in  ambient  room  air  and  in  3,5-percent  NaCl  saltwater 
environments.  Data  are  presented  on  log-log  coordinates  in  terms  of  fatigue*  crack 
growth  rare  (da/dN)  as  a  function  of  the  stress-intensity  factor  range  (A  K1 . 

The  air  environment  data  plots  for  all  of  tire  alloys  consist  of  two  intersecting 
rectilinear  curves,  with  the  upper  branch  following  a  steeper  slope.  The  point  of 
transition  between  the  two  branches  of  the  curves  generally  agreed  well  with  pre¬ 
dictions  based  on  a  crack-opening-displacement  (COD)  model  for  slope  transition 
behavior  in  fatigue.  Data  along  the  lower  branches  of  the  curves  for  all  of  the  alloys 
were  similar  and  fell  within  a  narrow  scatterband.  However,  considerable  disparity 
was  observed  among  the  upper  branches  of  the  curves,  with  the  tougher  alloys 
exhibiting  superior  crack  propagation  resistance.  Comparisons  among  similar 
crack  propagation  data  for  steel  and  titanium  alloys  showed  that  each  alloy  family 
has  a  characteristic  behavior  pattern  under  high-amplitude  cycling.  Efforts  to 
normalize  this  behavior  on  the  basis  of  a  universal  crack  propagation  law  can  oniy 
be  accomplished  on  a  very  broad  basis, 
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ABSTRACT 


Crack  propagation  studies  were  conducted  on  a  variety  of  struc¬ 
tural  aluminum  alloys  under  high  stress -intensity  amplitude  cyclic  load 
(AK  •  lOksi/mT).  The  alloys  under  investigation  included  2219-T87, 
545C-H321,  6061-T651.  7005-T63,  7039-T6X31,  and  7106-T63.  The 
yield  strengths  of  thes>  .  ’  uy  ;  ranged  from  34  to  55  ksi.  Tests  were 
conducted  in  ambient  room  air  and  in  3.5-percent  NaCl  saltwater  envi¬ 
ronments.  Data  are  presented  on  log-log  coordinates  in  terms  of  fatigue 
crack  growth  rate  (da/dN)  as  a  function  of  the  stress -intensity  factor 
range  (AK). 

The  air  environment  data  plots  for  all  of  the  alloys  consist  of  two 
intersecting  rectilinear  curves,  with  tne  upper  branch  following  a  steeper 
slope.  The  point  of  transition  between  the  two  branches  of  the  curves 
generally  agreed  well  with  predictions  based  on  a  crack-opening  - 
displacement  (COD)  model  for  slope  transition  behavior  in  fatigue.  Data 
along  the  lower  branches  of  the  curves  for  all  of  the  alloys  were  similar 
and  fell  within  a  narrow  scatterband.  However,  considerable  disparity 
was  observed  among  the  upper  branches  of  the  curves,  with  the  tougher 
alloys  exhibiting  superior  crack  propagation  resistance.  Comparisons 
among  similar  crack  propagation  data  for  steel  and  titanium  alloys 
showed  that  each  alloy  family  has  a  characteristic  behavior  pattern 
under  high-amplitude  cycling.  Efforts  to  normalize  this  behavior  on 
the  basis  of  a  universal  crack  propagation  law  can  only  be  accomplished 
on  a  very  broad  basis. 

Among  the  alloys  tested  in  a  saltwater  environment,  only  7005-T63 
was  highly  sensitive  to  saltwater  under  high -amplitude  cyclic  loading. 
Crack  growth  rates  in  alloys  2219-T87,  5456-H321,  and  6061-T651 
showed  little  or  no  sensitivity  to  saltwater  under  high-amplitude  cycling. 


PROBLEM  STATUS 

This  report  completes  one  phase  of  the  problem;  work  on  other 
aspects  of  the  problem  is  continuing. 
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CRACK  PROPAGATION  IN  ALUMINUM  ALLOYS 
UNDER  HIGH-AMPLITUDE  CYCLIC  LOAD 


INTRODUCTION 

High-performance  structures  frequently  must  be  designed  to  withstand  a  finite  number 
of  repeated  load  applications  in  service.  For  such  structures  low-cycle  fatigue  is  a  poten¬ 
tial  failure  mechanism.  A  significant  portion  of  low-cycle  fatigue  life  involves  crack 
propagation,  even  in  laboratory  tests  conducted  on  precision  specimens  which  are  initially 
polished  and  free  of  macroscopic  defects  (1,2).  In  actual  structures,  where  there  is  a 
much  greater  probability  that  preexisting  processing  or  fabrication  defects  will  occur, 
nearly  all  low-cycle  fatigue  involves  crack  propagation.  Therefore,  designers  of  highly 
stressed  critical  structures  are  increasingly  including  crack  propagation  criteria  in  their 
fatigue  design  considerations,  This  new  approach  to  fatigue  design  rests  on  the  assumption 
that  flaws,  equivalent  to  the  minimum  defect  size  that  can  be  reliably  detected  by  nonde¬ 
structive  inspection  methods,  exist  in  critical  regions  of  the  structure  prior  to  service, 
and  that  a  lower-bound  estimate  for  the  fatigue  life  of  the  structure  will  depend  on  the 
growth  of  such  flaws  (3). 

This  report  discusses  fatigue  crack  propagation  in  a  variety  of  intermediate-  to  high- 
strength  aluminum  alloys  under  high-amplitude  elastic  loading.  Alloys  of  the  2000,  5000, 
6000,  and  7000  series  with  yield  strengths  from  34  to  55  ksi  were  investigated  using  the 
crack-tip  stress-intensity  factor  range  (AK)  as  the  primary  variable  in  describing  crack 
growth  rates.  The  AK  values  studied  varied  from  approximately  12  to  50  ksi  y  in.  Tests 
were  conducted  in  both  ambient  room  air  and  saltwater  environments.  The  results  of  this 
study  provide  a  definitive  materials  characterization  and  are  applicable  as  basic  criteria 
for  fatigue  design. 


MATERIALS 

The  alloys  studied  in  this  investigation  included  2219-T87,  5456-H321,  6061-T651, 
7005-T63,  7039-T6X31,  and  7106-T63.  All  of  the  alloys,  except  7039-T6X31,  were 
received  as  1 -in. -thick  rolled-plate  stock.  The  7039-T6X31  alloy  was  received  as  a  6-in. 
thick  rolled  plate.  The  tensile  properties  of  these  alloys  are  shown  in  Table  1,  and  their 
fracture  toughness  characteristics  are  plotted  on  the  NRL  Ratio  Analysis  Diagram  (RAD) 
(4)  in  Fig.  1. 

As  shown  in  Fig.  1,  all  of  the  7000-series  alloys  studied  lie  on  or  near  the  current 
technological  limit  for  maximum  attainable  fracture  toughness,  and  are  representative 
of  the  toughest  alloys  that  are  available  at  their  respective  yield  strength  levels.  Three 
of  the  alloys,  5456-H321,  6061-T651,  and  7005-T63,  lie  well  above  the  K,r/uys  ratio  line 
of  1.0,  which  indicates  that  they  are  incapable  of  fracturing  without  a  significant  amount 
of  gross  plastic  deformation.  Alloys  7039-T6X31  and  7106-T63  lie  just  below  this  unity 
ratio  line,  indicating  that  elastic  instability  fracture  is  possible  in  these  alloys  in  section 
sizes  several  inches  thick,  if  large  flaws  are  present.  Finally,  alloy  2219-T87  lies  just 
above  the  KI(./oys  ratio  line  of  0.5,  which  indicates  that  this  alloy  is  capable  of  clastic 
instability  fracture  in  section  sizes  down  to  approximately  1-in.  thick  in  the  presence  of 
small  flaws.  Thus,  these  alloys  represent  a  broad  range  in  both  strength  and  toughness 
properties. 
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Table  1 

Tensile  Properties 


Alloy 

0.2‘V;  Yield 
Strength 
(ksi} 

Ultimate 

Tensile 

Strength 

(ksi) 

Reduction 
of  Area 

u 

Elongation 

do) 

2219-T87 

55 

72 

14 

16 

5456-H321 

34 

— 

— 

— 

6061-T651 

38 

44 

40 

19 

7005-T63 

46 

52 

52 

16 

7039-T6X31 

52 

62 

40 

16 

7106-T63 

52 

61 

40 

14 

Fig,  1  -  NRL  RAD  for  alumin  tt  m 
alloys  showing  the  fracture  tough¬ 
ness  characteristics  of  I  hi*  alloy j 
studied  in  this  investigation 


EXPERIMENTAL  PROCEDURES 

Crack  propagation  data  were  obtained  using  0.5-in. -thick  single-edge-notched  (SEN) 
cantilever  specimens  cycled  zero-to-tension  under  constant  load  at  6  cycles  per  minute. 
Details  of  the  test  specimen  are  shown  in  Fig.  2.  Periodic  crack-length  measurements 
were  made  with  an  optical  micrometer.  Cracks  were  propagated  to  a  maximum  depth  of 
1.5  in.  (a/w  -  0.6)  unless  interrupted  by  fracture.  Stress -intensity  factors  were  calculated 
using  Kies’  (5)  equation  and  were  corrected  for  crack  tip  plasticity  before  final  plotting 

(6) .  The  crack-opening-displacement  (COD)  values  reported  are  derived  from  calculations 

(7)  and  are  not  based  on  COD  measurements. 
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Fig.  2  -  Crack  propagation  test 
specimen  details 


For  tests  involving  a  saltwater  environment,  a  polyurethane  corrosion  cell  is  placed 
around  the  specimen  test  section.  Distilled  water  containing  3.5-weight -percent  NaCl  is 
pumped  through  the  cell  on  a  continuous  basis,  with  aeration  and  filtering  included  in  the 
system.  A  plexiglass  window  in  the  cell  permits  optical  observation  of  the  crack. 


RESULTS  AND  DISCUSSION 
Basic  Characteristics 

Figures  3  through  8  are  log-log  plots  of  da/dN  versus  AK,  which  define  the  basic 
crack  propagation  characteristics  of  the  aluminum  alloys  investigated.  These  data  were 
obtained  in  ambient  room  air  and  are  considered  to  be  baseline  curves  for  comparisons 
among  various  alloys  and  for  establishing  environmental  effects. 

Each  of  the  curves  in  Figs.  3  through  3  consists  of  two  rectilinear  branches  with  a 
distinct  point  of  slope  transition  in  midregion.  Each  of  the  two  branches  can  be  defied 
by  a  power-law  relationship  of  the  form 

da/dN  *  C(AK)',  (1) 

where  da/dNJs  the  fatigue  crack  growth  rate  (in. /cycle),  AK  is  the  stress -intensity  factor 
range  (ksi  iTm).  and  C  and  m  are  constants.  Data  forming  the  lower  branches  tend  to  be 
rather  closely  grouped  within  a  narrow  scatterband.  as  shown  in  the  summary  data  plot 
in  Fig.  9.  However,  above  the  slope  transition  region,  the  upper  branches  o«’the  curves 
are  more  widely  separated,  with  the  tougher  alloys  generally  occupying  the  more  favorable 
portion  of  the  scatterband.  Similar  findings  have  been  reported  in  a  separate  invest igation 
of  fatigue  crack  propagation  in  high-strength  aluminum  alloys  (8).  Tin*  most  favorable 
characteristics  in  this  region  were  exhibited  by  the  7000-series  alloys.  However,  because 
of  higher  yield  strengths  in  the  7000-series  alloys  leading  to  higher  anticipated  working 
stresses,  this  advantage  does  not  necessarily  translate  into  superior  lattgue  perlormam  e 
in  actual  structural  service  (9). 

The  point  of  slope  transition  for  each  alloy  generally  agreed  quite  well  with  a  COD 
model  promised  by  Bar  sum  (7).  Previous  studies  have  shown  broad  agreement  between 
this  model  and  a  wide  variety  -if  aluminum,  steel,  and  titanium  alloys  (7,10.11).  Bareom's 
model  proposes  that  slope  transition  b-  havior  is  related  to  a  change  in  the  microlrai  lure 
mode  from  exclusive  str tattoo  formation  to ,«  mixture  oi  strt.it tons  and  mimn-oid  nwles- 
ronce  (!?.),  Observation  has  shown  that  l-tis  p».mt  can  lx*  predicted  on  the  lusts  of  a  constant 
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Fig.  9  -  Summary  plot  of  xla/dN  versus  AK  data 
for  the  six  aluminum  alloys  studied  in  this  in* 
vestigation.  The  yield  strengths  of  these  alloys 
range  from  34  to  55  ksi. 
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COD  value  (7).  The  COD  expression  as  derived  by  Wells  (13)  is  given  by 

6  =  -V°ys ,  (2) 

where  5  is  the  COD  (in.),  d  is  the  strain  energy  release  rate  (ksi-in.),  and  a  is  the  0.2- 
percent  yield  strength  stress  (ksi).  By  applying  the  relationship  between  and  K  in  plane 
stress, 

.5  =  (l/E)K-\  (3) 

6  can  be  expressed  as  a  function  of  K: 

6  =  KVEoys.  (4) 

Denoting  the  constant  value  of  COD  at  the  transition  point  as  6T,  the  corresponding  AKT 
value  can  be  calculated  for  various  materials  from 


AKt  =  j/dj.  ,  (5) 

where  6T  is  a  constant  and  E  is  Young’s  Modulus  (ksi).  The  calculated  value  of  AK 
corresponding  to  6T  is  shown  for  each  material  in  Figs.  3  through  8,  using  a  value  of 
0.0016  in.  for  6T  (7). 

Agreement  between  Barsom’s  COD  model  and  the  experimental  data  is  generally 
excellent,  the  most  notable  exceptions  being  alloys  2219-T87  and  7106-T63.  The  slope 
transition  behavior  of  7106-T63  appears  to  be  anomalous,  and  the  difference  between  the 
actual  and  the  predicted  values  of  AK  for  this  alloy  is  relatively  small.  However,  for 
alloy  2219-T87  a  different  set  of  circumstances  prevails.  This  is  the  highest-sti'ength, 
lowest -toughness  material  studied  in  this  investigation,  and  it  is  recognized  that  the  COD 
slope  transition  model  is  only  applicable  to  higher -toughness  alloys  where  slope  transition 
behavior  is  not  related  to  the  onset  of  elastic  instability  fracture.  The  COD  model  predicts 
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that  AK,  will  me rcasc  in  proportion  to  tlT^.  However,  this  process  can  only  proceed  to 
the  point  where  AK  ,  approaches  the  fracture  toughness  (Kt.  or  KIt.)  of  the  material.  Beyond 
that  strength  level,  the  COD  model  is  no  longer  valid.  In  the  case  of  alloy  2219-T87,  the 
COD  model  predicted  a  value  of  AKT  beyond  the  AK  level  where  brittle  fracture  occurred. 
Despite  this  limitation,  the  model  has  been  remarkably  accurate  in  predicting  the  behavior 
of  a  wide  variety  of  alloys  under  a  broad  range  of  experimental  conditions.  A  summary 
tabulation  of  the  slope,  intercept,  and  slope -transition  constants  for  these  alloys  is  shown 
in  Table  2. 


Table  2 

Slope,  Intercept,  and  Slope -Transition  Constants 


Lower  Branch 

Upper  Branch 

Slope  Transition 

Alloy 

Intercept 

c, 

Slope 

raj 

Intercept 

Slope 
m  2 

Calculated 

AKt 

Actual 

AKt 

2219-T87 

7.97  x  lO'9 

2.9 

5.24  x  10-20 

11.0 

30.5 

24.0 

5456-H321 

8.83  x  10  ,J 

2.9 

3.81  x  10-“ 

4.6 

24.0 

25.0 

6061-T651 

1.21  x  10  s 

2.8 

2.67  x  10- 10 

4.0 

25.5 

24.5 

7005 -T63 

2.19  x  10-7 

1.8 

1.36  x  10-9 

3.3 

28.0 

30.0 

7039-T6X31 

3.04  x  10's 

2.5 

2.14  x  I0  n 

4.6 

29.0 

31.0 

7106-T63 

8.42  x  IQ*8 

2.2 

2.91  x  10- 10 

3.8 

29.0 

36.0 

The  significance  of  slope  transition  behavior  can  be  very  important  in  low -cycle 
fatigue.  To  ignore  such  behavior  and  simply  extrapolate  the  lower  branch  of  the  curves 
in  Figs.  3  through  8  out  to  an  estimated  KIc  value  would  seriously  overestimate  fatigue 
life.  This  has  been  discussed  by  Carman  and  Katlin  (14)  for  the  case  of  ultrahigh- strength 
steels,  but  it  is  not  generally  recognized  that  many  intermediate -strength  ductile  alloys 
exhibit  similar  slope  transition  behavior  at  AK  levels  well  below  KIc.  Accurate  prediction 
of  finite  fatigue  life  in  the  low-cycle  region  (less  than  100,000  cycles  to  failure)  cannot  be 
based  on  extrapolated  data  and  requires  a  definitive  characterization  of  fatigue  behavior 
under  high -amplitude  cycling. 


Comparisons  Among  Alloy  Families 

A  summary  plot  of  all  the  i  /dN  versus  AK  data  obtained  in  this  investigation  is 
shown  in  Fig.  9.  It  is  interesting  to  compare  these  data  with  similar  plots  for  steel  and 
titanium  alloys.  Figure  10  is  a  plot  of  da/dN  versus  AK  data  obtained  from  NRL  studies 
for  several  steels  ranging  in  yield  strength  from  175  to  25C  ksi,  and  Fig.  11  shows  similar 
data  for  titanium  alloys  ranging  in  yield  strength  from  110  to  150  ksi.  Figure  12  shows 
scatterband  limits  for  all  three  alloy  families, 

A  number  of  researchers  (7,15,16)  have  suggested  that  the  crack  propagation  charac¬ 
teristics  of  all  alloys  fall  within  a  single  scatterband  when  AK  is  normalized  with  respect 
to  Young’s  Modulus  (AK/E).  Figure  12  suggests  that  this  is  possible  for  the  case  of  high- 
amplitude  cycling  in  a  very  broad  sense  only.  However,  normalizing  the  data  represented 
in  Fig.  12  would  cause  the  scatterbands  to  overlap  to  a  greater  degree,  but  significant 
differences  would  persist.  Crack  propagation  curves  for  high-strength  titanium  alloys 
typically  follow  much  steeper  slopes  than  for  high-strength  steels  (17),  and  the  aluminum 
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Fig.  10  -  Summary  plot  of  da/dft  versus  AK 
data  for  five  steels  ranging  in  yield  strength 
from  1 7  5  to  <d50  ksi 
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Fig.  11  -  Summary  plot  of  da/dN  versus  iK 
data  for  five  titanium  alloys  ranging  in  yield 
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Fig.  1<1  -  Scatterband  limits  for  data  on  steel, 
titanium,  and  aluminum  alloys  from  Figs.  9 
through  1 1 


alloys  studied  in  this  investigation  have  very  pronounced  slope  transition  behavior.  These 
alloy  family  characteristics  are  reflected  by  the  scatterbands  in  Fig.  12.  Efforts  to  develop 
a  universal  crack  propagation  law  for  all  materials  must  reconcile  these  various  alloy 
family  characteristics  in  order  to  offer  accurate  validity. 


Environmental  Sensitivity 

Four  of  the  alloys  included  in  this  investigation,  2219-T87,  5456-H321,  6061-T651, 
and  7005-T63,  were  studied  under  corrosion-fatigue  crack  propagation  in  3.5-percent 
NaCl  saltwater.  Among  these  alloys,  only  7005-T63  had  previously  been  found  to  be  sen¬ 
sitive  to  saltwater  stress-corrosion  cracking  (SCC).  Among  the  three  7000-series  alloys 
studied,  7005-T63  was  found  to  be  the  least  sensitive  to  saltwater  SCC  (18,19).  The  K  Isrc 
threshold  stress -intensity  levels  for  saltwater  SCC  to  occur  in  these  7000-series  alloys 
is  given  in  Table  3.  Aluminum  alloys  are  only  susceptible  to  SCC  in  the  short  transverse 

(TW)  orientation.  The  KIsrc  values  reported 
above  were  taken  in  the  TW  orientation,  How¬ 
ever,  ail  fatigue  crack  propagation  tests, 
including  corrosion  fatigue,  were  conducted 
on  specimens  where  the  crack  propagated  in 
the  long  transverse  (RW)  orientation.  There¬ 
fore,  no  direct  correlation  between  these  SCC 
characteristics  and  corrosion- fatigue  crack 
propagation  was  anticipated. 

Corrosion-fatigue  crack  propagation  data 
for  the  four  alloys  are  shown  in  Figs.  13  through 
16.  Among  these  alloys  only  7005-T63  exhibited 
a  high  degree  of  environmental  sensitivity,  as 
indicated  by  the  displacement  of  the  saltwater  environment  data  above  the  baseline  air 
environment  data  curve,  Fig.  16.  The  remaining  alloys  showed  much  lesser  degrees  of 


Table  3 

KIsrc  Values  for  7000-Series  Alloys 


Alloy 

K  Isrr  (ksif'Tiru) 

7005 -T63 

27.5 

7039-T6X31 

11.5 

7106-T63 

23.0 
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Fig.  13  -  da/dN  versus  AK  data  for  2219-T87 
aluminum  in  a  3. 5- percent  NaCl  saltwater  envi¬ 
ronment.  The  dashed  line  infers  to  the  air 
environment  data  curve,  Fig.  3. 
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environmental  sensitivity,  although  none  of  the  alloys,  except  2219-T87  in  Fig.  13.  appeared 
to  be  completely  unaffected  by  the  saltwater  environment. 

These  results  for  corrosion -fatigue  crack  propagation  are  in  general  agreement  with 
recent  studies  (8,20).  Nordmark  and  Kaufman  (8)  studied  crack  propagation  in  a  wide 
variety  of  thick-section  2000-  and  7000-series  alloys  in  several  environments.  They 
reported  that  SCC-sensitive  alloys  showed  the  largest  effects  from  humid  and  salt -spray 
environments.  Feeney,  et  al.  (20)  studied  environmental  fatigue  crack  propagation  in 
2024-T3  arid  two  7000-series  alloys  in  sheet  thicknesses.  Their  findings  showed  the  7000- 
series  alloys  to  be  more  environmentally  sensitive  than  2024-T3.  They  also  showed  that 
environmental  effects  were  more  pronounced  under  low-amplitude  cycling  (AK  ^  10  ksir'Tm). 
They  related  environmental  sensitivity  in  aluminum  alloys  to  crack  tip  stress  state:  i.e.. 
reduced  environmental  sensitivity  was  observed  at  higher  AK  levels  where  plane -strain 
conditions  cannot  prevail.  Their  findings  suggest  that  the  modest  degree  of  environmental 
sensitivity  seen  in  alloys  2219-T87,  5456-H321,  and  6061-T651  under  high-amplitude  cycling 
may  not  remain  in  thicker  sections  under  plane  strain  conditions.  However,  pending  evi¬ 
dence  to  the  contrary,  the  saltwater  corrosion -fatigue  crack  propagation  characteristics 
of  alloys  2219-T87,  5456-H321,  and  6061-T651  are  very  encouraging. 


CONCLUSIONS 

The  following  conclusions  have  been  reached  from  this  investigation: 

1,  Log-log  plots  of  fatigue  crack  growth  rate  (da/dN)  versus  stress -intensity  factor 
range  (AK)  data  for  all  of  the  alloys  studied  consist  of  two  rectilinear  curves  meeting  at 
a  distinct  point  of  slope  transition.  For  most  of  the  alloys,  the  point  of  slope  transition 
agrees  very  accurately  with  predictions  based  on  a  crack-opening-displacement  (COD) 
model  for  slope  transition  behavior. 

2.  A  summary  plot  of  da/dN  versus  AK  for  all  of  the  alloys  investigated  shows  that 
the  lower  branches  of  the  respective  curves  all  fall  within  a  narrow  scatterband  with  no 
apparent  significant  differences.  However,  above  the  region  of  slope  transition,  the  upper 
branches  of  the  curves  are  more  widely  separated  with  the  higher -toughness  alloys  gener¬ 
ally  exhibiting  the  greatest  crack  propagation  resistance. 

3,  Comparisons  between  the  scatterband  of  da  dN  versus  AK  for  these  aluminum 
alloys  and  similar  scatterbands  for  steel  and  titanium  alloys,  also  obtained  under  high- 
amplitude  cycling,  reveal  distinct  crack  propagation  characteristics  for  each  family  of 
alloys.  The  differences  in  crack  propagation  behavior  among  the  various  families  of 
alloys  suggest  that  efforts  to  fit  all  data  into  a  universal  crack  propagation  law  can  only 
lie  accomplished  on  a  very  approximate  basis  in  the  high-amplitude  crack  propagation 
regime. 

4.  Environmental  effects  of  3.5-percent  NaCl  saltwater  on  eraek  propagation  were 
greatest  in  a  7000-series,  st ress -corrosion -eraeking  sensitive  alloy.  Kiivironnn  nt.il 
effects  were  modest  or  nil  in  the  2000- .  5000*.  and  t:000-series  alloys  examined. 
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